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Sir: 

I, Xiaoming Gu, hereby declare that: 

I am the inventor of U.S. Patent Application Serial No. 09/940,519; 

I had conceived the invention disclosed and claimed in this U.S. patent 
application, and the invention had been reduced to practice, before 
August 7, 2000; 

The conception and reduction-to-practice of the invention are evidenced by 
the attached Invention Disclosure (dates redacted) and its English translation. 
The Invention Disclosure was prepared prior to August 7, 2000, and was 
submitted to the inventor's employer, NSK-Warner K.K., for evaluation and for 
the preparation of Japanese Patent Application 2000-265111, the priority of 
which was claimed by the present application; and 
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Declaration of Xiaoming Gu 

All statements made herein of our own knowledge are true and that all 
statements made on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine and/or imprisonment, or 
both under Section 1001, Title 18 of the United States Code, and that such 
willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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DECLARATION 

I, Tadashi Tsukamoto of 41-8, Utsukushigaoka 3-chome, 
Aoba-ku, Yokohama, Kanagawa 225-0002, Japan do solemnly and 
sincerely declare that I well understand both Japanese and 
English languages . 

The translations attached hereto ar^true and accurate 
translations of a Proposal Forp for Pa^nt Application, an 
invention disclosure attach^d-^bn ^tJ^^form of a draft 
specification to the Proposal For^raf^l ^n Order Slip. 

I declare that all staterfients / ^^^e herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or: 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 



This 22 nd day of September, 2004 



Tadashx Tsukamoto 
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Ref. No. NW-5432 
[Document Name] Specification (Drafted by NW) 
[Title of the Invention] WET MULT I PLATE CLUTCH 

[Claims] 

5 [Claim 1] A wet multiplate clutch with plural friction 

plates and plural separator plates arranged alternately each 
other, wherein between each adjacent ones of said friction 
plates, plural ones of said separator plates are disposed. 
[Claim 2] A wet multiplate clutch according to claim 1, 

10 wherein said plural ones of said separator plates are disposed 
separably from each other. 

[Claim 3] A wet multiplate clutch according to claim 1 or 
2, wherein between said plural ones of said separator plates, 
a thin member is additionally interposed. 

15 [Claim 4] A wet multiplate clutch according to any one of 

claims 1-3, wherein said plural ones of said separator plates 
have been coated or machined at mutually-opposing surfaces 
thereof. 

[Detailed Description of the Invention] 
20 [0001] 

[Field of the Invention] 

This invention relates to a wet multiplate clutch, which 
is useful primarily in an automatic transmission. 
[0002] 
25 [Prior Art] 

FIG. 4 shows one example of wet multiplate clutches. The 



1 



wet multiplate clutch designated at numeral 1 is provided with 
a clutch case 2 and a hub 3, which are rotatable relative to 
each other. Separator plates 11 and friction plates 5 are 
spline-fitted on the clutch case 2 and the hub 3, respectively, 
5 such that they are movable in an axial direction. The separator 
plates 11 and the friction plates 5 are alternately arranged 
one by one. 
[0003] 

[Object to Be Attained by the Invention] 
10 However, thermal deformations called "heat spots" occur 

when the above-mentioned wet multiplate clutch is caused to 
slidingly rotate at high speed. An object of the present 
invention is to prevent such heat spots. 
[0004] 

15 [Means for Attaining the Object] 

To attain the above-described object, plural ones of the 
separators are disposed between each two adjacent ones of the 
friction plates. Further, these plural ones of the separator 
plates can be disposed separably from each other, a thin member 

20 can be interposed between the plural ones of the separator 
plates, and/or coating or machining can be applied to 
mutually-opposing surfaces of the plural ones of the separator 
plates. 

[0005] 

25 [Embodiments of the Invention] 

The thickness of a separator plate is considered have an 
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} 



effect on heat spots as will be expressed by the following 
formula: 

At =AT*w*of 

where 

5 At: Height of heat spots, 

AT: Temperature difference on the surface of the 

separator plate (i.e., a difference in temperature 
between the position of a heat spot and other 
position) , 

10 w: Thickness of the separator plate, and 

a: Coefficient of linear expansion. 
The above formula indicates that a separator plate 
becomes more resistant to the occurrence of heat spots as it 
becomes thinner. If sliding rotation is continued after the 
15 occurrence of heat spots, the bearing stress becomes higher at 
the positions of the heat spots so that the temperature rises 
much faster at the positions of the heat spots than at other 
positions. As a result, the heat spots become still greater. 
[0006] 

20 * Two separator plates are disposed between each two 

adjacent friction plates, and the thickness of each of these 
separator plates is set at about a half of conventional 
separator plates. This is to make their total heat capacity 
substantially equal to the heat capacity of the conventional 

25 friction plate, and also to assure providing spline tabs, said 
spline tabs being maintained in engagement with a clutch case, 



3 



with sufficient strength. 
[0007] 

Further, the plural separator plates used at the same 
position are disposed separably from each other. The term 
"separably" as used herein also includes such a case that, even 
when the separator plates are adhered and fixed with each other 
with a thin member interposed therebetween, the separator 
plates can slightly move owing to the elasticity of the thin 
member and/or an adhesive, to say nothing of such a case that 
the individual separator plates can completely separate from 
each other. 
[0008] 

These thin members are presumed to be effective for heat 
insulation, damping and impact absorption between the 
individual separators. The term "damping" as used herein means 
that separator plates vibrate upon receipt of revolving power. 
The term "impact absorption" means to act as cushions between 
the separator plates. When separator plates have asperities, 
for example, the term "impact absorption" means to absorb 
bearing stresses at asperities and to facilitate even contact 
of the separator plate with the other separator plate over the 
entire surfaces thereof. The term "thin member" as used herein 
should be construed to embrace thin plates made of rubber, PVC, 
a resin or a mixture thereof and any other thin members, for 
example, thin sheets and thin fabrics such as nonwoven fabric, 
woven fabric and knit fabrics. Preferred examples can include 



a variety of paper, sheets, films, and gaskets. More specific 
examples can include TEFLON sheets, polyimide films, aramid 
films, fluorinated films, thermosetting resin films, 
polyoxymethylene films, super engineering plastic fiber films, 
5 polyethylene sulfide films, polyetherimide films, 

polyetherketone films, polyethersulf on films, carbon fiber 
sheets, silica fiber sheets, mica sheets, and silica paper. 
[0009] 

Further, coatings are considered to have similar effects 
10 as the above-described thin members. A coating material is 
practically the same as an adhesive useful upon adhering the 
thin members. Specific examples of the coating material can 
include thermosetting resins, engineering plastics, 
general-purpose resins, polymer alloys, butadiene nitrile 
15 rubber, and high-elasticity resin sheets. 
[0010] 

The term xx machined" as used herein means to be machined 
by shot blasting or shot peening. As a result of this machining, 
a very small clearance is maintained between the separator 
20 plates, bringing about an advantageous effect that the holding 
of lubricating oil is facilitated. This surface machining is 
applicable no matter whether thin members such as those 
described above are interposed. 
[0011] 
25 [Examples] 

Wet multiplate clutches according to the present 
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invention are shown in FIG. 1 and FIG. 2, respectively. It is 
to be noted that, as their basic constructions are substantially 
the same as the above-mentioned conventional example, like 
elements of structure will be identified by like numerals . Each 
wet multiplate clutch 1 is equipped with a clutch case 2 and 
a hub 3, which rotate relative to each other. Separator plates 

11 and friction plates 5 are mounted by spline fitting on the 
clutch case 2 and the hub 3, respectively. In the example 
illustrated in FIG. 1 (hereinafter referred to as "the first 
embodiment") , two separator plates 11 are disposed side by side 
in a state independent from each other. In the example of FIG. 
2 (hereinafter referred to as "the second embodiment") , on the 
other hand, a TEFLON sheet 12 is interposed between each two 
separator plates 11. FIG. 3 is a front view of the TEFLON sheet 

12 and separator plate 11 as viewed from the side A in FIG. 2. 

[0012] 

Photographs of the conventional product, the first 
embodiment and the second embodiment after their tests are shown 
as FIG. 5, FIG. 6 and FIG. 7, respectively. The tests were 
conducted under the following conditions: 

Number of cycles: 2 

Initial revolution speed: 8,100 r.p.m. 

Inertia force: 0.196 kg*m 2 

Maximum bearing stress: 10 kgf/cm 2 

Oil temperature at the time of a start: lOO^C 

Lubrication (from the central axis): 0.18 L/min 



Period of engagement: about 0.8 sec 
As will be appreciated by taking a look on the photographs, it 
is understood that heat spots were prevented far more 
effectively in the wet multiplate clutches of the respective 
5 embodiments than in the conventional example. It is also 

understood that heat sports were prevented more effectively in 
the wet multiplate clutch of the first embodiment than in the 
wet multiplate clutch of the second embodiment although the 
difference in effectiveness was slight. 
10 [0013] 

[Advantageous Effects of the Invention] 

The present invention can be practiced in the above- 
described modes, and are effective for the prevention of heat 
spots. 

15 [Brief Description of the Drawings] 

[FIG. 1] An axial cross-sectional view of a wet 
multiplate clutch according to a first embodiment of the present 
invention. 

[FIG. 2] An axial cross-sectional view of a wet 
20 multiplate clutch according to a second embodiment of the 
present invention. 

[FIG. 3] A view illustrating the wet multiplate clutch 
of FIG. 2 as viewed in the direction of arrow A. 

[FIG. 4] A view illustrating a conventional wet 
25 multiplate clutch. 

[FIG. 5] A photograph of separator plates in the 
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conventional example after its test. 

[FIG. 6] A photograph of separator plates in the first 
embodiment after its test. 

[FIG. 7] A photograph of separator plates in the second 
5 embodiment after its test. 
[Legend] 

1 Wet multiplate clutch 

2 Clutch case 

3 Hub 

10 5 Friction plates 

11 Separator plates 

12 TEFLON sheets 
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